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The 2.4-km run and 20-m multistage fitness test (20MSFT) are common aerobic fitness tests 
in law enforcement. Previous research analyzed relationships between these tests in recruits, 
and indicated limited transferability due to disparate demands (direction changes, running 
intensity). However, the correlations between 2.4-km run and 20MSFT in recruits post-
academy training may be different, where recruits should be fitter and able to complete high-
intensity running efforts. This study documented changes in and relationships between the 2.4-
km run and 20MSFT in law enforcement recruits post-academy training. Retrospective analysis 
on six academy classes (276 males, 50 females) from one agency was conducted. The 20MSFT 
and 2.4-km run were completed pre- and post-academy training. Estimated V̇O2max was derived 
from 2.4-km run time and the 20MSFT shuttle number. Paired-samples t-tests ascertained 
whether the 2.4-km run and 20MSFT improved post-academy. Correlations and linear 
regression derived relationships between the 2.4-km run and 20MSFT. Recruits improved in 
the 2.4-km run and 20MSFT (p < 0.01). There were significant correlations between the 2.4-
km run and 20MSFT for all recruits (r = -0.49), males (r = -0.48), and females (r = -0.29). 
However, the regression equations for all recruits (r2 = 0.24), males (r2 = 0.23) and females (r2 
= 0.08) were low. The results suggested there were disparate aspects to the 2.4-km run and 
20MSFT in law enforcement recruits post-academy. Even though aerobic fitness improved, 
there are likely other aspects important to the 20MSFT not developed during academy (change-
of-direction ability, high-intensity running). This could have impact the between-test 
relationship. 
  






Law enforcement can be a physically challenging profession, and a key physiological 
requirement for officers is aerobic fitness. Aerobic fitness may help an officer if they need to 
complete a number of demanding tasks in succession, or sustain on effort for an extended 
duration (5). Additionally, aerobic fitness could reduce the risk of cardiovascular disease (10), 
of which there is a high incidence in law enforcement officers (22). Two of the most common 
tests used to measure aerobic capacity in law enforcement recruits are the 2.4-km (1.5-mile) 
run and the 20-meter multistage fitness test (20MSFT) (6,13).  
There are strengths and limitations to the 2.4-km run and 20MSFT. The 2.4-km run, 
while providing a valid measure of aerobic fitness (8), typically involves an internal pacing 
strategy (13). This may not match the intensity required in many law enforcement tasks (e.g. 
suspect pursuit), where the pace is externally governed (16). The 20MSFT also provides valid 
measure of aerobic fitness (17), and places greater demands on high-intensity running and 
includes the continual requirement to decelerate, change direction and accelerate. This test has 
an external stimulus that increases pace, and may be more appropriate as it relates to policing 
tasks (13). However, the constant direction changes can prove stressful (14), and individuals 
that cannot keep pace could be ejected from the 20MSFT even if they have not reached their 
maximal aerobic capacity (20). Nonetheless, better performance in the 2.4-km run  and 
20MSFT  has been linked to academy graduation in law enforcement recruits, which indicates 
the practical application of both tests (7,19,21). 
This led Lockie et al. (13) to investigate the relationships between the 2.4-km run and 
20MSFT in law enforcement recruits. This was done to determine whether the two tests 
measured similar capacities, and to illustrate whether certain training practices could be 
appropriate if either test was used as an entry requirement. The results indicated that although 
the 2.4-km run had significant relationships with the 20MSFT for all recruits (r = -0.57), males 
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(r = -0.55), and females (r = -0.60), the predictive regression equations were all low (all recruits 
r2 = 0.32; males r2 = 0.30; females r2 = 0.37). These data indicated limited transferability 
between the two tests. Additionally, the estimated maximal aerobic capacity (V̇O2max) from 
2.4-km run was greater than that from the 20MSFT, which may suggest recruits were relatively 
better at the 2.4-km run. Lockie et al. (13) did note that the relationships between the 2.4-km 
run and 20MSFT may change after academy training, when the recruits should be more fit. If 
the relationships between the tests are stronger, this may suggest that recruits not only improved 
their ability to run for distance, but they can operate at a higher running intensity. 
This follow-up research note investigated the relationships between 2.4-km run times 
and 20MSFT shuttles in law enforcement recruits post-academy training. It was hypothesized 
that 2.4-km run, 20MSFT, and estimated V̇O2max derived from both these tests would improve 
for recruits following academy training. It was further hypothesized that the relationships 
between the 2.4-km run and 20MSFT would be stronger than that found by Lockie et al. (13). 
 
METHODS 
Experimental Approach to the Problem 
Data for the 2.4-km run and 20MSFT were recorded pre- and post-academy, and estimated 
V̇O2max were derived. Firstly, data were analyzed to ascertain whether the 2.4-km run time and 
20MSFT improved after academy training. The relationship between the two tests post-
academy was investigated with Pearson’s correlations and linear regression.  
 
Subjects 
Retrospective analysis on recruits from six academy classes from one agency was conducted. 
This sample comprised 326 recruits (age: 26.60 ± 4.95 years; height: 1.74 ± 0.09 m; body mass: 
80.51 ± 14.67 kg), including 276 males (age: 26.57 ± 5.01 years; height: 1.76 ± 0.07 m; body 
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mass: 83.08 ± 13.18 kg) and 50 females (age: 26.72 ± 4.67 years; height: 1.62 ± 0.07 m; body 
mass: 66.32 ± 14.49 kg). The six training cohorts completed their academy within a calendar 
year in southern California. Based on the archival nature of this analysis, the institutional ethics 
committee approved the use of pre-existing data (HSR-17-18-370). 
 
Procedures 
The data were collected by staff working for one agency. All recruits graduated from the 22-
week academy conducted by this agency. Schedules and physical training sessions varied 
between classes due to logistic arrangements. Nonetheless, all classes adhered to the standards 
expected by the state’s governing body (Peace Officers Standards and Training), where a 
minimum of 36 physical training sessions were required (15). All six academy classes 
completed more sessions than the minimum. For pre-testing, the 20MSFT was completed 3-10 
days before the first day of academy, while the 2.4-km run was completed within the first week. 
The 20MSFT was conducted outdoors on an asphalt surface at the agencies’ training facility. 
Testing typically occurred between the hours of 0900-1400 depending on recruit availability. 
The 2.4-km run was conducted between the hours of 0500-0700 depending on scheduled 
physical training sessions during academy, and was completed on an outdoor dirt track. For 
post-testing, the 2.4-km run and 20MSFT were completed on separate days in the final weeks 
of academy depending on the class schedule, typically between 0500-1200. The 20MSFT was 
completed on a concrete surface, while the 2.4-km run was completed on the same dirt track. 
 
20-m Multi-Stage Fitness Test (20MSFT) 
For the 20MSFT, recruits ran back and forth between two lines spaced 20 m apart, indicated 
by markers. The running speed was standardized via pre-recorded auditory beeps played from 
an iPad device (Apple Inc., Cupertino, California) connected to a portable speaker (ION Block 
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Rocker, Cumberland, Rhode Island) located in the center of the running area. The test was 
terminated when the recruit was unable to reach the lines twice in a row in accordance with the 
beeps, or via voluntary cessation, and was scored according to the total number of completed 
shuttles. V̇O2max, measured in milliliters per kg body mass per minute (ml·kg-1·min-1), was 
estimated based on the table from Ramsbottom et al. (17).  
 
2.4-km Run 
Recruits completed six laps around the track at the agencies’ training facility as quickly as 
possible. Run time was recorded on a stopwatch to the nearest 0.10 sec, and reported in min: s. 
V̇O2max was estimated for male and female recruits via the following equations (8): 
Male V̇O2max (ml·kg-1·min-1) = 91.736 – (0.1656 x body mass) – (2.767 x 2.4 km run time in 
min). 




Statistical analyses were processed using the Statistics Package for Social Sciences (Version 
24; IBM Corporation, New York, USA). Descriptive data (mean ± SD) were calculated for all 
recruits, males, and females for the 2.4-km run, 20MSFT, and estimated V̇O2max from each test 
pre- and post-academy. Paired samples t-tests (p < 0.05) were used to compare the pre- and 
post-academy data, and percentage changes were also calculated. This analysis was conducted 
to confirm that performance in both tests improved for both sexes. Following this, Pearson’s 
correlations (p < 0.05) and linear regression scatter plots calculated relationships between 2.4-
km run time and 20MSFT shuttle score, for all recruits and each sex. The correlation strength 
was designated as: an r between 0 to ±0.3 was considered small; ±0.31 to ±0.49, moderate; 
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±0.5 to ±0.69, large; ±0.7 to ±0.89, very large; and ±0.9 to ±1, near perfect for relationship 
prediction (9).  
 
RESULTS 
The pre- and post-academy descriptive data for the 2.4-km run and 20MSFT are shown in 
Table 1. Recruits (all combined, males, and females) significantly improved in 2.4-km run 
time, 20MSFT shuttles, and the estimated V̇O2max after academy training. 
 
***INSERT TABLE 1 ABOUT HERE*** 
 
With regards to the correlation analysis, the 2.4-km run time had moderate relationships 
with the 20MSFT shuttles for all recruits (r = -0.49) and males (r = -0.48), and a small 
relationship with females (r = -0.29). Each relationship indicated that a faster 2.4-km run 
related to a greater 20MSFT shuttle number. The r2 values from the regression equations for 
all recruits (r2 = 0.24; Figure 1), males (r2 = 0.23; Figure 2) and females (r2 = 0.08; Figure 3) 
were all low. 
 
***INSERT FIGURE 1 ABOUT HERE*** 
***INSERT FIGURE 2 ABOUT HERE*** 
***INSERT FIGURE 3 ABOUT HERE*** 
 
DISCUSSION 
This research note was a follow-up to Lockie et al. (13), and analyzed relationships between 
the 2.4-km run and 20MSFT in law enforcement recruits post-academy training. Firstly, all 
recruits improved their aerobic fitness as measured by the 2.4-km run and 20MSFT, and 
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estimated V̇O2max from both of these tests. Interestingly, the improvements were substantial 
(31-37% increase) in the 20MSFT. Continuous running, calisthenics, and circuit training is a 
focus of physical training for this agency (11), and the data suggests that this training was 
effective in improving aerobic fitness. Learning effects could have also contributed to the 
improvements seen in the 20MSFT (1). Nevertheless, the recruits in this study had superior 
aerobic fitness to those from Lockie et al. (13). 
Similar to Lockie et al. (13), there were significant relationships between the 2.4-km 
run and 20MSFT in this research note. However, the strength of the correlations for all recruits 
(r = -0.57 vs. -0.49), males (r = -0.55 vs. -0.48), and females (r = -0.60 vs. -0.29) were all lower 
in the current study. Further, the r2 values from this data indicated that only 8-24% of the 
variance was explained between these tests. This is much lower than that presented by Lockie 
et al. (13) (explained variance = 30-37%). Furthermore, the estimated V̇O2max from 20MSFT 
was lower than that calculated from the 2.4-km run, which implies the recruits still performed 
relatively better in the 2.4-km run (13). These results collectively indicate that relationships 
between the 2.4-km run and 20MSFT were weaker following academy training. This is counter 
to the hypothesis, and suggests there are disparate aspects to the 2.4-km run and 20MSFT in 
law enforcement recruits post-academy training.  
Although correlation does not suggest causation, there are several reasons why these 
results may have occurred. As stated, long, continuous running is a staple of physical training 
for this agency (11). While this may develop aerobic fitness (and contribute to the 
improvements in the 2.4-km run and 20MSFT), there are other qualities important to the 
20MSFT (but less so for the 2.4-km run) that may not be improved. This is important, as these 
qualities could also enhance law enforcement job tasks. For example, the ability to change 
direction is important to effective performance in the 20MSFT (13,14). However, change-of-
direction training is generally not a focus for law enforcement recruits. Change-of-direction 
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ability can also be impacted by strength and power (18), and these qualities are also not often 
a focus of training for this agency (11). Improving the ability to change direction could impact 
not just the 20MSFT, but job performance in tasks such as a foot pursuit as well (2). High-
intensity running is also stressed in the 20MSFT, and this quality needs to be specifically 
trained (3). Developing high-intensity running would be beneficial for recruits given many of 
their job tasks demand high-intensity, externally-paced activity (16).  
It is notable that the predictive relationship for females was much weaker in this 
research note than for Lockie et al. (13). Female recruits generally perform poorer in fitness 
tests compared to males (2,4,6,12). This issue is compounded by the ‘one-size-fits-all’ training 
model used by this agency (11), whereby all recruits are expected to perform the same training 
exercises regardless of individual fitness. Female recruits may be working at a relatively higher 
intensity for the same exercise when compared to male recruits, resulting in earlier onset of 
fatigue and thus less time spent performing effective high-intensity efforts. This could then 
have led to the weak relationships displayed between the 2.4-km run and 20MSFT.   
 
PRACTICAL APPLICATIONS 
In addition to aerobic training, law enforcement training staff should attempt to incorporate 
high-intensity running and change-of-direction training during academy. Developing these 
qualities could improve not only the 20MSFT, but specific job tasks such as suspect pursuit. 
Staff should also consider the training intensities performed by female recruits, as an earlier 
onset of fatigue could limit the effective high-intensity efforts performed in training. 
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FIGURE LEGEND 
Figure 1: Regression scatter plot for all recruits between the 2.4-km run and 20MSFT. 
Figure 2: Regression scatter plot for male recruits between the 2.4-km run and 20MSFT. 
Figure 3: Regression scatter plot for female recruits between the 2.4-km run and 20MSFT. 
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Table 1: Pre- and post-academy descriptive data (mean ± SD; percentage change) for all, male, 
and female LEA recruits in the 2.4-km run and 20MSFT.  
 2.4-km Run 20MSFT 
 min: s 
Estimated 
V̇O2max 
No. of shuttles 
Estimated 
V̇O2max 
All Recruits (N = 326) 
Pre 12:02 ± 1:21 44.68 ± 4.51 50 ± 16 34.27 ± 5.40 
Post 11:20 ± 1:15* 46.46 ± 4.50* 68 ± 22* 39.38 ± 6.34* 
% Change -6 4 36 15 
Males (n = 276) 
Pre 11:50 ± 1:17 45.32 ± 4.38 51 ± 16 34.71 ± 5.58 
Post 11:12 ± 1:14* 47.00 ± 4.39* 70 ± 22* 40.03 ± 6.37* 
% Change -5 4 37 15 
Females (n = 50) 
Pre 13:04 ± 1:10 41.14 ± 3.53 42 ± 9 31.86 ± 3.43 
Post 12:08 ± 1:02* 43.46 ± 3.91* 55 ± 17* 35.80 ± 4.84* 
% Change -7 6 31 12 
* Significantly (p < 0.01) different from the pre-test.  
 



